I n t r o d u c t i o n
A v a r i e t y o f d i f f e r e n t mechanisms have been i d e n t i f i e d which my c o n t r i b u t e t o low temperature p e r s i s t e n t s p e c t r a l hole-burni ng o f zero-phonon l i n e s i n s o l i d s . These i n c l u d e ,
( i ) photochemical b l e a c h i n g o r p h o t o i o n i s a t i o n o f t h e c e n t r e and ( i i ) i n t e r s y s t e m crossing, w i t h i n t h e e l e c t r o n i c s t a t e s o f t h e centre, t o a metastabl e s t a t e o f d i f f e r e n t s p i n m u l t i p l i c i t y from t h e ground state. Hole l i f e t i m e s can be o f o r d e r hours f o r t h e former and o f o r d e r seconds f o r t h e l a t t e r . Hole decays having two d i s t i n c t c h a r a c t e r i s t i c times have been found f o r t h e ~3 ' C l ] and f o r t h e 607 nm
c e n t r e i n NaF [2] and were t e n t a t i v e l y assigned t o these two mechanisms. I n these examples t h e mechanisms appear t o be independent, b u t more complicated s i t u a t i o n s e x i s t where photochemical processes occur out o f a metastable l e v e l , as has been suggested f o r t h e two-photon hole-burning process f o r carbazole i n a b o r i c a c i d glass C31.
The purpose o f t h i s paper i s t o p o i n t o u t t h a t i n many c o l o u r c e n t r e and molecular systems t h e l i f e t i m e f o r p o p u l a t i o n storage i n metastable l e v e l s can be changed by an a p p l i e d microwave f i e l d .
This i s w e l l known and i s t h e b a s i s o f conventional o p t i c a l l y d e t e c t e d magnetic resonance (ODMR) measurements o f such s t a t e s C41.
It should t h e r e f o r e be p o s s i b l e t o use microwave i r r a d i a t i o n t o separate out and stuQy i n d e t a i l t h e r o l e o f p o p u l a t i o n storage i n metastable s t a t e s i n p e r s i s t e n t s p e c t r a l hole-burni ng.
As a p r e l i m i n a r y example o f t h i s i d e a we r e p o r t here observations o f e f f e c t s of microwaves on t h e depth o f holes b u r n t i n t h e 638 nm zero-phonon l i n e o f t h e nitrogen-vacancy d e f e c t i n diamond, (N-V)'.
The n i t r o g e n and vacancy occupy adjacent carbon s i t e s g i v i n g t h e c e n t r e symmetry, t h e a x i s corresponding t o a c r y s t a l l o g r a p h i c (111) d i r e c t i o n .
The energy l e v e S are i l u s t r a t e d i n Figure 1 .
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The 638 nm a b s o r p t i o n l i n e i s associated w i t h ]A1 t o E t r a n s i t i o n s and i s accompanied by s t r o n g phonon a s s i s t e d sideband luminescence Crystal f i e l d s p l i t t i n g o f 3~2 i s shown on an expanded scale a t t h e r i g h t .
a t 1.5K 161.
The lowest metastable l e v e l i s 3~2 . This s t a t e has been extensively i n v e s t i g a t e d by conventional e.p.r. techniques when populated by o p t i c a l i l l u m i n a t i o n C71. It i s found t o be s p l i t by t h e a x i a l c r y s t a l f i e l d i n t o a doublet (E) and s i n g l e t (A2) separated by 2.88 GHz.
The e.p.r.
spectra i n d i c a t e t h a t under o p t i c a l e x c i t a t i o n , intersystem crossing leads t o p r e f e r e n t i a1 population o f the A2 s t a t e w i t h i n t h e t r i p l e t , w i t h popu1at;on storage t i m e ~4 0 msec a t low temperatures. Phosphor sence from t h e t r i p l e t has not been detected and t h e r e l a t i v e p o s i t i o n o f
f 3A2 and A1 s t a t e s i s not known.
Measurements
The samples used i n our measurements were prepared by e l e c t r o n i r r a d i a t i o n and heat treatment o f type I b diamonds [5] . W e have previously demonstrated spectral hole burning a t 1.5K i n t h e 638 nm zero phonon l i n e using a s i n g l e mode, scanning dye l a s e r [8] .
I n t h e present experiments a f i x e d l a s e r frequency was used t o i r r a d i a t e t h e sample continuously.
The sample was mounted i n a broad band microwave probe a t 1.5K, and t h e hole depth was monitored as a f u n c t i o n o f applied frequency f o r o s c i l l a t o r y magnetic f i e l d amplitudes of order 1 0 -~ t o 10-I gauss.
The holes were detected e i t h e r d i r e c t l y i n transmission o f t h e l a s e r beam o r i n d i r e c t l y by luminescence e x c i t a t i o n i n t h e phonon assisted sideband (see Figure 1) . 
GHz which i s seen t o s p l i t i n t o several components i n f i n i t e a p p l i e d f i e l d . Figure 3 shows a p l o t o f the s p l i t t i n g s versus applied f i e l d . These resonances correspond t o = ? l t r a n s i t i o n s w i t h i n the l e v e l s s p e c i f i e d by a spin Hamiltonian o f form
where S=l, g=2.0 and D=2.88 GHz. Centres f o r which the z-axis (111) l i e s p a r a l l e l 100 Gauss
t o t h e a p p l i e d f i e l d give r i s e t o t h e outer components ( s o l i d points), whereas centres w i t h z-axes along ( I l l ) , (111) e t c give r i s e t o t h e i n n e r components (open c i r c l e s ) . The small s p l i t t i n g o f t h e zero f i e l d resonance seen i n Figure 2 i s not described by Eq (1) but may r e s u l t from inhomogeneous s t r a i n . Small a d d i t i o n a l resonances a l s o seen i n t h e r o f i e l d spectrum a t -+ 55 MHz r e l a t i v e t o t h e main resonance can be assigned t o f 4~ hyperfine s t r u c t u r e [I].

F i g u r e 3 : Magnetic f i e l d s p l i t t i n g o f h o l e -f i l l i n g resonances r e l a t i v e t o 2.88 GHz, t h e p o s i t i o n i n zero f i e l d .
D i s c u s s i o n The s p i n H a m i l t o n i a n (Eq (1)) d e s c r i b i n g t h e resonances i n h o l e depth i l l u s t r a t e d i n F i g u r e s 2 and 3, corresponds very c l o s e l y w i t h t h a t used t o d e s c r i b e t h e metastable t r i p l e t s t a t e observed by conventional e.p.r. techniques under o p t i c a l i l l u m i n a t i o n
[7].
The r e d u c t i o n i n h o l e depth a t resonance i n d i c a t e s t h a t microwave e x c i t a t i o n reduces t h e p o p u l a t i o n s t o r a g e t i m e i n t h e t r i p l e t l e v e l s and s o f i l l s i n t h e h o l e
(see F i g u r e 1). W i t h i n t h e t r i p l e t s t a t e , t h e s t o r a g e t i m e i n t h e s i n g l e t l e v e l (A2) i s known t o be >40 msec from e.p.r. data [7] .
Thus i t appears t h a t t h e l i f e t i m e of t h e doublet l e v e l s (E) must be much s h o r t e r and, a t resonance, t h e microwaves a r e e f f i c i e n t l y emptying t h e s t o r e d p o p u l a t i o n from t h e s i n g l e t v i a t h e d o u b l e t t o t h e ground s t a t e .
( I t should be emphasised t h a t a t 1.5K phonon induced r e l a x a t i o n between Ap and E w i l l be slow and may indeed l i m i t t h e s t o r a g e t i m e i n t h e absence of mi crowaves ) .
I n o r d e r t o e s t i m a t e t h e l i f e t i m e o f t h e d o u b l e t we have measured t h e t i m e constant a t resonance f o r h o l e f i l l i n g as a f u n c t i o n o f microwave power l e v e l .
We d i d n o t observe s a t u r a t i o n o f t h i s t i m e c o n s t a n t even a t t h e h i g h e s t a v a i l a b l e power and can deduce o n l y t h a t t h e decay t i m e o f t h e doublet t o t h e ground s t a t e i s c 3 psec.
The l a r g e r a t i o o f decay t i m e s > l o 4 f o r t h e d o u b l e t and s i n g l e t l e v e l s o f t h e t r i p l e t s t a t e may be a s s o c i a t e d w i t h t h e i r symmetry; r a d i a t i v e zero phonon t r a n s i t i o n s a r e symmetry allowed from t h e doublet (E) b u t not f o r t h e s i n g l e t (A2) t o t h e ground s t a t e .
Conclusions
These p r e l i m i n a r y o b s e r v a t i o n suggest several i n t e r e s t i n g p o s s i b i l i t i e s .
It i s c l e a r t h a t t h e t e c h n i q u e p r o v i d e s a method f o r d e t a i l e d study o f t h e r o l e o f metastable s t a t e p o p u l a t i o n s t o r a g e i n s p e c t r a l h o l e burning.
F o r example i n t h e two NaF systems c i t e d i n t h e i n t r o d u c t i o n i t may be p o s s i b l e t o o b t a i n more d e t a i l e d i n f o r m a t i o n upon t h e mechanisms g i v i n g r i s e t o t w o r a t e s o f h o l e decay. Furthermore, t h e t e c h n i q u e i s c l o s e l y r e l a t e d t o conventional ODMR, e s p e c i a l l y t o v a r i a n t s i n v o l v i n g d e t e c t i o n o f fluorescence r a t h e r t h a n phosphorescence [4] .
It should y i e l d s i m i l a r i n f o r m a t i o n on t h e n a t u r e o f m o l e c u l a r and d e f e c t c e n t r e s w i t h t h e advantages of b e i n g s i t e s e l e c t i v e and o f e n a b l i n g measurements on systems where phosphorescence i s weak o r a t an i n c o n v e n i e n t wavelength. F i n a l l y microwave-induced change i n t h e t r i p l e t s t a t e s t o r a g e t i m e s (by a f a c t o r ,104 i n t h e present example), suggests p o s s i b l e ways i n which microwaves might be used t o c o n t r o l o r gate hole-burning by more p e r s i s t e n t mechanisms such as t h e two-photon photochemical process f o r t h e carbazol e/glass system [3] .
